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Abstract
Three methods for the damage localization of impact damage in laminated composite plates, based on their vibrational characteris-
tics, are presented in this paper. These methods use double pulse TV holography with acoustic excitation for mode shapes acquisition and
the diﬀerences in translations, rotations and curvatures. The rotations and curvatures are obtained by numerical diﬀerentiation of mode
shapes translations using a diﬀerentiation/smoothing technique. The methods are applied to a carbon ﬁber reinforced epoxy rectangular
plate, free in space, subjected to two cases of impact damage. It is shown that the method based on curvatures allows the localization of
both cases of damage, which can be undetected by visual, X-ray or C-scan inspections. The best localizations are achieved by selecting
and applying the method to the most changed mode.
 2006 Elsevier Ltd. All rights reserved.
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1. Introduction
In recent years the use of laminated composite materials
in many mechanical and aerospace engineering structures
has seen a huge increase, due, among other factors, to their
speciﬁc stiﬀness and strength. However, because of these
materials characteristics, damage can be produced during
fabrication or by inappropriate or hazardous service loads.
Delamination is one the most common and dangerous
damages, caused by internal failure of the laminas inter-
face. These internal damages can be undetected by visual
inspection. Therefore, in order to assess the structure integ-
rity, non-destructive inspection methods are needed for
damage localization. The most used non-destructive
inspection methods are either visual or localized experi-
mental methods such as acoustic or ultrasonic methods,
magnet ﬁeld methods, radiographs, eddy-current methods
and thermal ﬁeld methods [1]. These experimental methods
can detect damage on or near the surface of the structure
[1], therefore not allowing the detection of delaminations.
The use of vibration based delamination identiﬁcation
and health monitoring techniques for composite structures
have been surveyed by Zou et al. [2]. The level of success
in identifying damage is directly related to the sensitivity
of the applied measurement technique and the parameters
used in the identiﬁcation methodology. Abdo and Hori
[3], showed numerically that damage localization by mode
shapes can be more easily accomplished if rotation diﬀer-
ences are involved. However, in the presence of small defects
with noisy data, obtained from experimental measurement,
the use of rotations can mislead the damage localization. In
these cases, a higher sensitivity parameter, like the curvature
or strain energy, could be used instead [4,5].
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